Background: Welders are frequently exposed to Manganese (Mn), which may increase the risk of neurological impairment. Historical exposure estimates for welding-exposed workers are needed for epidemiological studies evaluating the relationship between welding and neurological or other health outcomes. The objective of this study was to develop and validate a multivariate model to estimate quantitative levels of welding fume exposures based on welding particulate mass and Mn concentrations reported in the published literature.
INTRODUCTION
Fume generated during welding processes is a complex mixture of gases, metal oxides, silicates, and fluorides. The generation and composition of welding fume are dependent on a number of factors that include current and voltage applied (Harris, 2002; Yoon et al., 2003) , welding process performed, shielding gas used (if any), type and composition of the fluxes and/or electrodes used, and the type of base metal being welded. Exposure to welding fume is also dependent on work practices (number of welders, posture or position during welding, work speed and technique, and use of respirator), the degree of enclosure of the work environment, and the type and effectiveness of mechanical ventilation provided (Stern et al., 1986; Burgess, 1995; Harris, 2002) .
Both acute and chronic health effects due to inhalation of welding fume have been well described. For instance, welders have increased frequency, severity, and duration of respiratory tract infections compared to the general population (Howden et al., 1988) . Other respiratory complications associated with welding include pulmonary function abnormalities, bronchitis, siderosis, and asthma (Antonini, 2003) . Welding fume has been classified as a possible human carcinogen by the International Agency for Research on Cancer (IARC, 1990) . Exposure to specific metals in welding fume is also of concern. Iron exposures can lead to siderosis; zinc, copper, and magnesium exposures can cause metal fume fever; and chromium VI can cause severe irritation to the upper respiratory tract and has also been classified as carcinogenic to humans by the IARC (IARC, 1990) .
Concerns about exposure to manganese (Mn) have also increased over recent years (Harris et al., 2005; Meeker et al., 2007) . Mn, recognized as a neurotoxin since the mid 1800s, is commonly found in welding fume. Many welders are regularly overexposed to the American Conference of Governmental Industrial Hygienists (ACGIH) threshold limit value (TLV) of 0.2 mg m
À3
. Two studies in industrial and construction settings estimated that 62% of welders and 72% of boilermakers, respectively, were overexposed to the Mn TLV (Korczynski, 2000; Susi et al., 2000) . Furthermore, a study that analyzed three distinct welding data sets from the United States Occupational Safety and Health Administration (OSHA), The Welding Institute, and the Center for Construction Research and Training reported mean Mn levels as 0.21, 0.26, and 0.27mg m
, respectively (Flynn and Susi, 2010) . The ACGIH TLV of 0.2 mg m À3 was primarily set in regard to neurological effects (ACGIH, 1992) , and there is a reason to believe that these common overexposures may play a role in the development of parkinsonism.
Multiple case reports and small studies have examined Mn-exposed welders and have described parkinsonism signs, such as tremor (Chandra et al., 1981; Nelson et al., 1993; Discalzi et al., 2000; Racette et al., 2001; Sadek et al., 2003; Koller and Lyons, 2004; Josephs et al., 2005; Bowler et al., 2006a Bowler et al., ,b, 2007 , rigidity (Sadek et al., 2003; Racette et al., 2005; Bowler et al., 2006b) , bradykinesia (Sadek et al., 2003; Koller and Lyons, 2004; Racette et al., 2005; Bowler et al., 2006b) , and postural instability (Nelson et al., 1993; Discalzi et al., 2000; Sadek et al., 2003; Koller and Lyons, 2004; Josephs et al., 2005; Racette et al., 2005) . Some authors have used the term Mn-induced parkinsonism to describe these neurological changes (Koller and Lyons, 2004; Hernandez et al., 2006) . In addition, in one clinical report, parkinsonism in welders was determined to be clinically indistinct from idiopathic Parkinson's disease (PD) with the exception of a younger age at onset for welders (Racette et al., 2001) . The authors of a case-control study of .2 million death certificates concluded that occupations involving arc welding of steel were associated with PD deaths before age 65 (Park, 2005) . However, other epidemiological studies investigating the association between welding and PD have found no clear relationship (Fryzek et al., 2005; Fored et al., 2006) .
A limitation of these studies is that occupational exposure assessment has typically been minimal, whereby only current exposures were measured in cross-sectional studies, or job title or 'ever employed' in the industry has been used as the exposure index in the case reports and case-control studies. This type of classification is considered the weakest indicator or approximation of exposure and can introduce a significant amount of exposure misclassification. True exposure-response associations may then be missed. It is recognized that additional scientific evidence is needed to determine the role of welder's exposure to Mn or other welding fume constituents might play in the development of welding-related parkinsonism or PD. More sophisticated exposure assessment is needed to aid continued epidemiological work.
In studies assessing retrospective exposures, it is ideal to have historical quantified measurements on all study participants. However, in some studies, such detailed information on past exposures may not be available or accessible from workplace records. Estimates of individual exposure must then be made from other available data sources, including self-reported exposure information and exposure values found in the published literature. As part of an ongoing epidemiological study of parkinsonism in welders, the objective of this study was to develop and validate a multivariate model to estimate quantitative levels of welding fume exposures based on welding particulate mass and Mn concentrations reported in the published literature.
METHODS

Review of the literature
A Medline search was performed to identify peerreviewed publications that provide quantitative 114 A. Hobson et al. exposure levels among welders in typical work settings, along with descriptive information allowing for appropriate interpretation of the exposures. Keyword search terms, entered singly or in various combinations, included welding, Mn, air monitoring, and occupational exposure. The search included articles from all years through 2009 and included all English language journals. However, articles included for review were restricted to peer-reviewed articles written in English, in which the authors described field welding operations and personal air sampling results. Articles describing studies that used a quasiexperimental design in which results from normal field welding operations were compared to results after introducing supplementary ventilation were also included for review. Experimental studies were excluded for review since conditions are typically more controlled in the experimental setting than during routine field operations and may not reflect true field exposures.
Data extraction and database creation
Mean levels of particulate mass and Mn described in each article were extracted from the tables and text and formed the dependent variable for each 'observation' in the data set. Results from studies that included long-term sampling (minimum of 6 h) or reported a full-shift time-weighted average (TWA) were included in analysis of the model to increase the likelihood that the measurements were representative of a full-shift exposure. Results from short-term analyses were not included. Information on the welding environment and various welding parameters was extracted and entered into a database. Parameters of interest that could affect or influence exposure levels and comprise the most common exposure determinants regularly reported in the supporting literature included year of sampling (or year of publication when year of sampling was not available), industry, welding process performed, base steel, degree of enclosure, and type of ventilation used. The type of electrode(s) used, other hot work processes that occurred during the sampling period, the sampling filter location, and sampling duration was also noted. A list of these variables along with definitions of each can be found in Table 1 .
All concentrations were recorded in milligrams per cubic meter. The number of samples and the summary measures reported, including the arithmetic mean (AM), standard deviation (SD), geometric mean (GM), geometric standard deviation (GSD), and range were also recorded in the database as available.
Statistical analysis
Model development, validation, and selection. The natural log of the reported AM particulate or Mn level was used as the dependent variable in the model, while the independent variables included the exposure determinants, as listed in Table 1 , entered as categorical variables. Both particulate mass and Mn concentrations were entered and a binary independent variable (termed 'Mn_particulate') was created to distinguish between the two analytes. The coefficient for this variable is interpreted as the difference between the ln Mn concentration and the ln particulate concentration-or the proportional increase between Mn and particulate concentrations. When both particulate mass and Mn concentrations were reported from the same samples, only one outcome was entered. The Mn concentration was used unless a larger number of particulate concentration results were reported for a particular set of samples. All concentrations were considered total particulate or total Mn. In the one case where both total and respirable Mn were provided (Smargiassi et al., 2000) , the concentration for total Mn was used in the model for consistency with the other means.
The mean and measures of variance were not reported consistently in the published literature. When the GM and either the GSD or the range were reported, the AM was estimated using the following formulas:
If GM and GSD were reported, AM was estimated by:
Where r L 5 ln(GSD) (Aitchison and Brown, 1957) . If GM, minimum, and maximum were reported, AM was estimated by:
This represents the midpoint of the log-transformed minimum and maximum values to give an estimate of the mean of the log-transformed values. (This represents an estimate of the SD of the logtransformed values.) (Hein et al., 2008) .
Both weighted and non-weighted regression models were developed. Since the means consisted of varying sample sizes, a weighted regression using the inverse of the variance was considered. However, SDs were not commonly reported and estimating the SD from other summary measures resulted in high uncertainty in the SD values. Therefore, similar to Estimation of particulate mass and manganese exposure levels 115 Hein et al., (2008) , the weighted regression was developed using the sample size of each reported mean as the weight. Model building was completed using several steps. First, a model was fitted to include all available dependent variables. Next, a reduced model was built based on backward stepwise elimination where variables were removed one at a time beginning with the one with the largest P-value until all remaining variables were significant. Since the purpose of this analysis was for exposure prediction, rather than hypothesis testing, a P-value of 0.1 was chosen for the level of significance. To control for the difference between Mn and particulate, the variable that distinguished between the two was forced into all models. All two-way interactions of the significant variables were tested before the final model was selected. Finally, since the goal was to develop a stable predictive model that is generalizable, the final reduced model was selected based on the results of cross-validating the model.
A k-fold cross-validation technique was performed whereby, 10 randomly selected, equally sized mutually exclusive subsets of the data were identified. The model was then rerun, excluding each subset once. In each of these 10 trials, natural log mean exposures for the excluded group were predicted using the coefficients of the remaining 90% of the data. This procedure resulted in one out-ofsample prediction for each observed mean. The out-of-sample predicted values were then regressed on the observed dependent variable values and the R 2 and root mean squared error (RMSE) from the two models were compared. Pearson's correlation Not specified: the type of industry was not specified or results were not stratified by industry when multiple industries were specified.
Welding process Type of welding identified or described by author(s):
SMAW: shielded metal arc welding, manual metal arc welding, stick welding GMAW: gas metal arc welding, metal inert gas (MIG) welding, metal active gas welding (MAG) GTAW: gas tungsten arc welding, tungsten inert gas (TIG) welding FCAW: flux cored arc welding Not specified: welding process was not specified or results were not stratified by welding process when multiple welding processes were specified.
Enclosure
Degree of enclosure where sampling occurred:
Open: space was identified as an open area or large workshop
Enclosed: space was identified as an enclosed space or space was a small room/environment enclosed on three sides
Confined: space was identified as confined or description meet confined criteria (e.g. double bottoms of a ship)
Not specified: space was not specified or could not be determined from description or results were not stratified by enclosure when multiple enclosures were specified Base metal As described by authors:
Mild steel: mild or carbon steel
Stainless steel: stainless steel Both mild and stainless steels: mild and stainless steels were welded together Not specified: base metal was not specified.
Filter location
Where sampling filter was located on study participant: Inside helmet: filter was placed inside welder protective helmet Outside helmet: filter was placed outside welder protective helmet, commonly on lapel Not specified: filter location was not specified.
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A. Hobson et al. coefficients were also computed to evaluate the association between observed and cross-validation predicted exposure levels. All data analysis was performed in Stata 11.0 (StataCorp., College Station, TX, USA).
RESULTS
The Medline keyword searches resulted in 27 studies that met the established criteria (characterization and measurement results of field, steel welding processes, and published in the English language). One article was excluded because only area samples were reported and two were excluded because mean exposure levels were not reported. An additional article was excluded because it provided only one sample and the representativeness of the work environment of that sample could not be determined. Four additional studies fitting the inclusion criteria that were not identified through Medline were found by their reference in other articles (Korczynski, 2000; Flynn and Susi, 2010) . Means from a total of 27 studies were included in the model presented here. A summary of the 27 studies, including specific exposure determinants and summary measures of exposure levels, can be found in the Supplementary Table 2 includes a summary of the welding particulate and Mn means stratified by the exposure determinants available in the source publications.
Due to the large variation in samples sizes (2-209) represented by the included means, the weighted model gave very little weight to mean levels with smaller sample sizes. Nevertheless, the sample-size weighted and non-weighted models indicated little to no change in parameter estimates or measures of fit so the non-weighted model was selected. Table 3 presents measures of fit and cross-validation results for the model selection process. The full model (Model 1) with all predictor variables explained 86% of the variance (adjusted R 2 5 0.77) in mean Mn and particulate exposures. The backward stepwise model (Model 2) included the variables that were significant in the full model, which included the Mn_particulate, welding process, enclosure, base, and year. Mn means were not available in the first decade represented in the dataset and were largely not available until the most recent decade; therefore, year was removed from the model. Once year was removed, base metal was no longer significant (model not shown) and was then also dropped from further consideration. Ventilation as a block was not significant in the full or backward stepwise reduced model. However, since the type of ventilation used was expected a priori to influence welding exposures, ventilation was added back into the model (Model 3). All two-way interactions were tested, and there was a significant effect for the interaction between welding process and ventilation (Model 4). To achieve a more parsimonious model, ventilation and the interaction term for welding process and ventilation were removed for a model that included Mn_particulate, welding process, and enclosure (Model 5). Parameter estimates for both models, the one with the interaction term (Model 4) and the more parsimonious model (Model 5), are presented in Table 4 .
Although there was some reduction in the R 2 between the fitted and cross-validated models, the differences in model fit were lowest for Model 5, the reduced model containing Mn_particulate, welding process, and enclosure. The correlation between observed mean exposures and the cross-validation predicted exposures were high for all models (data not shown) but were highest for Model 5 (Pearson's r 5 0.87, P 0.001). The variability explained in mean exposures in this model was 76% (adjusted R 2 5 0.75). Parameter estimates for this final model are presented in Table 4 . The coefficient for Mn_particu-late (3.23) indicates that Mn levels constituted 4% (95% confidence interval 5 2.1-7.2%) of total welding particulate mass across studies included in the model ).
DISCUSSION
The objective of this study was to build and validate a multivariate model for estimating exposures for participants in a cohort study examining the relationship between welding and parkinsonism based Estimation of particulate mass and manganese exposure levels 117 on exposure levels described in the peer-reviewed literature. The approach presented here is a novel method for estimating both welding particulate and Mn mean exposures through the use of one prediction model. Nearly 30 articles described welding environments and provided field measurements on welding fume exposures, including Mn. On the basis of this data, a general model was constructed that describes and predicts exposures. The model performs well at predicting mean welding exposures given the available data, though individual circumstances may deviate from these general conditions, and the specificity with which the welding environments were described in the literature cannot be guaranteed. This lack of specificity is a limitation of the presented model; however, in the context of epidemiology where no individual or site-specific measurements are available, this model should be useful in providing quantitative estimates of welding particulate mass or Mn in a variety of work settings. For example, if a welder is known to perform gas metal arc welding (GMAW) [or metal inert gas (MIG) or metal active gas welding (MAG)] in an enclosed space, we can take the parameter estimates from Model 5 in Table 4 to estimate a mean particulate and Mn exposures using the following equations:
Mean particulate ðmg m À 3 Þ 5 exp c Not specified 5 determinant was not specified or multiple types were specified without stratification of results.
d ,lod 5 below the limit of detection.
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Therefore, mean Mn in this scenario 5 0.23 mg m
À3
. More detailed uses of this model could occur when information about a welder's duties are known. For example, fractions of the calculated exposures could be combined when the percent of work time performing various welding processes in various degrees of enclosure is known.
Given that this approach relied on exposure levels reported in the literature, it was subject to a number of limitations. First, not all studies reported an AM, and thus, the AM was estimated from the GM and GSD where necessary. While this introduces some uncertainty in the estimated AM, it should not have had a large effect on the model since this is a valid method of estimating the AM and the estimated AM's consisted of ,10% (n 5 5) of the overall data.
Second, when modeling a mean based on varying sample sizes, the literature supports a method of weighting the means proportional to the inverse of their variances (Hornung et al., 1994) . However, measures of variance were not reported consistently in the literature, and the SDs were not commonly included. An attempt to estimate the SD where necessary from either the range or the GM and GSD were made; however, this could not be done for several means due to the lack of reported corresponding measures of variance. Since multiple methods were used to estimate the SD, there was a high degree of uncertainty in the estimated values. Therefore, as to not restrict the amount of data available and to avoid this additional source of uncertainty, the sample size was used. Since the sample sizes varied in magnitude (2-209), the weighted model discounted Measures of fit: R 2 5 multiple coefficient of determination, adjusted R 2 5 multiple coefficient of determination adjusted for number of indpendent variables, and RMSE 5 square root of the variance of the residuals/SD of the unexplained variance. b Mn_particulate 5 the binary variable that differentiates between manganese or particulate mass, coded as manganese 5 0, and particulate mass 5 1.
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A. Hobson et al. the small n means substantially. Even so, the results from the weighted and non-weighted model were very similar and thus, the results from the nonweighted model are reported.
Finally, the studied welding environments and processes were not well described in multiple articles resulting in missing exposure determinant information. The type of electrodes used was rarely NS 5 ventilation or welding process was not specified.
Estimation of particulate mass and manganese exposure levels 121 reported in the published literature, and when they were, the results were not always stratified by the electrode type. A larger portion of welding fume can be generated from the flux on welding electrodes than from the base metal itself, while the metal content in electrodes can vary substantially by type. Type of electrode could not be included in the model due to lack of information, and this prediction model may have different results if electrode type were included. Additionally, several studies sampled multiple welding activities located in varying work environments without stratifying the results. For instance, authors may have sampled exposures from shielded metal arc welding (SMAW) and GMAW processes and/or from confined and open spaces, but the monitoring results were presented as a combined measure. The results could not be associated with one determinant or another; therefore, the exposure determinants were given the classification of 'not specified'. In typical linear regression models, cases with such missing independent variables would be excluded from analysis. However, as to not severely restrict the data, a category of not specified was included for all independent variables. The coefficients for the 'not specified' categories should be interpreted with caution since no distinct exposure information can be attributed to them. With more detailed information on the welding processes and work environments, this model may be improved. There was a trend for time period, with slightly lower exposures in later time periods, in the full model; however, there may have been a publication year bias since 70% of Mn means were published in the most recent time period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . Due to this uncertainty, year was excluded from the model. The highest mean Mn exposure (1.74 mg m
À3
) from the studies included in the model was from a study performed in 1981 (Chandra et al., 1981) . A plot of the means (not shown) indicated that except for this highest Mn mean, there was no significant trend in Mn exposures over time. Similarly, Flynn and Susi (2010) Base metal was not significant after year was excluded. The base steel generally has a smaller role in fume generation relative to the type/composition of the electrode used (Howden et al., 1988; Antonini, 2003) so it too was excluded from the model. The type of industry in which these welding activities were located was not a significant predictor, indicating that there are no industry-specific differences in welding exposures and that the variability in the task-specific determinants are more important than the overarching industry.
In contrast to a priori expectations, ventilation alone was also not a significant predictor of mean exposures across studies. There appears to be a trend in mean Mn exposures based on ventilation category (Table 3) where mean exposures with general ventilation were about half of those with no mechanical ventilation and the lowest exposures occurred with the use of local ventilation. However, this trend is not apparent with mean particulate exposures. Although not common, several studies reported the presence of other hot work and/or work activities occurring in the work environments where welding exposures were monitored. The presence of these activities may be partly responsible for the higher particulate exposures. A 2007 evaluated the effectiveness of local exhaust ventilation during SMAW installation of carbon steel chiller pipes and found that local exhaust ventilation reduced fullshift TWA Mn concentrations by 53% but reduced total particulate exposures only by 10%. They concluded that the presence of other sources of particulate generation in construction settings may be responsible for the lower reduction in particulate exposures than for specific fume constituents like Mn (Meeker et al., 2007) . In addition, in Model 4, there was a significant interaction for ventilation and welding process, which indicated that local ventilation may be effective at reducing exposures. Although exposures may still be high given the welding process performed. For instance, exposures from FCAW, which produces large quantities of particulate (Burgess, 1995; Wallace et al., 2001; Harris, 2002) , with local ventilation were higher than mean exposures for other welding processes when general or no ventilation was used. While application of effective local exhaust ventilation will certainly reduce exposures where other conditions remain the same, we were unable to estimate this effect from the available literature values. In general, estimated exposures ignoring ventilation parameters are likely valid, while acknowledging the importance of using ventilation for effective exposure control. An interaction between type of enclosure and ventilation used was tested but was not significant. In a recently published study by Flynn and Susi (2010) , the effect of ventilation on welding exposures was evaluated in two welding data sets with mixed results. Particulate and Mn exposures were reduced by 35 and 31%, respectively, with local exhaust ventilation in a Welding Institute data set. Data from another welding database showed that mechanical exhaust (general and/or local) was effective at reducing exposures for pipefitters, but exposures increased for boilermakers working in confined spaces when general ventilation (blowers and fans) was added. This further illustrates that the type of ventilation alone may not be useful in predicting mean exposures and consideration of other important determinants such as degree of enclosure and welding process is important when assessing the effectiveness of different types of ventilation.
To evaluate whether a prediction could be made for exposure levels inside and outside a welding helmet, the location of the sampling filter was included in the full model; however, it was not a significant predictor of mean exposures across studies. As presented in Table 2 , mean exposures for particulate were higher outside of the helmet than inside. Conversely, mean Mn exposures were higher inside the helmet. Similarly, Flynn and Susi (2010) also performed an analysis of unpaired filter location results and found that TWA exposures for welding particulate were 50% lower when the filter was inside the helmet and that TWA exposures for Mn were unchanged by filter location. These results imply that across these studies, the location of the sampling filter was not significant in estimating exposures. It does not imply differences in individual or mean exposures will not be detected when a paired analysis with a filter inside and outside the helmet is performed. Other experimental studies designed to evaluate the differences inside and outside the helmet have reported mixed results (Goller and Paik, 1985; Liu et al., 1995; Harris et al., 2005; Boelter et al., 2009) . Studies that compare exposures from paired samples inside and outside the welder helmet during typical field operations may be needed to evaluate these factors.
Welding process and degree of enclosure were both significant predictors of mean exposure levels. There was little difference between SMAW (reference category) and predicted GMAW exposures, but predicted GTAW exposures were much lower and predicted FCAW exposures were generally much higher. This is consistent with published sources of welding process and fume descriptions (Wallace et al., 2001; Harris, 2002) . As expected, predicted exposures in enclosed spaces were higher than exposures in open spaces (reference category), and predictions for exposures in confined spaces were significantly higher than in open spaces.
Cross-validation of all reduced models was performed to evaluate model fit and generalizability of the model. The method used, k-fold cross-validation, was chosen because it performs significantly better for validation of small data sets, such as the one used for this study, than other methods such as split-sample validation (Goutte, 1997) . Model 4, the model containing an interaction term for enclosure and ventilation that explained 85% of the variance in mean welding particulate and Mn exposures, could be used for prediction purposes if this detail on exposure determinants is known for a study group. However, comparison of the differences in measures of fit (R 2 , Adjusted R 2 , and RMSE) for the reduced models along with their respective cross-validation models determined that the reduced model with fewer independent variables (i.e. more parsimonious) had the smallest changes. The other reduced models had drops in R 2 values between 12 and 25%, whereas, the R 2 values for the final model (Model 5) were virtually unchanged. This indicates that the final model fits the data better than the other reduced models with additional predictors. The very small change in R 2 and the similar RMSE values for the final model indicates that the model should be generalizable to other data sets of mean welding particulate and Mn exposures. The correlation between observed means in the final model and predicted means from the cross-validation was very high (Pearson's r 5 0.87, P , 0.001), offering further support for the validity of this model. This model was based on mean field measurements, and therefore, its accuracy depends on the representativeness of measured results. Predictions in this study would be high if the purpose of field monitoring was to identify overexposure issues or exposures in unusual conditions. Given that a majority of the reported results were sampled in open environments and various degrees of ventilation were well represented, it is likely that the welding processes and environments that are represented in this study are typically encountered by the study population for which these means will be used in estimating exposures. In addition, the mean Mn exposure across studies presented here (0.27mg m
) is virtually equal to mean Mn exposures from three separate welding databases presented by other authors (Flynn and Susi, 2010) , indicating that Mn concentrations Estimation of particulate mass and manganese exposure levels 123 represented in this model are representative of typical field exposures. Furthermore, Mn content of welding fume is commonly ,5% (Harris, 2002) , and the calculations from this model predict Mn to constitute $4% of total welding particulate. Finally, the predicted mean exposures calculated with the final model are reasonably within an expected range of exposures for both welding particulate and Mn exposures.
CONCLUSIONS
In summary, it was possible to develop and validate an exposure model for welding particulate and Mn means based on measurement data reported in the published literature. Improvements to this model may be made with more detailed descriptions and reporting of exposure determinants. The estimates of mean exposure developed from this model are not expected to be as accurate as historical individual exposure measurements of study participants; however, the relatively large amount of variance explained by the final model along with the positive generalizability results from the cross-validation increases the confidence that the estimates derived from this model can be used for estimating welder exposures in absence of individual measurement data.
